ABSTRACT. The effect of the DFT methods and basis sets on harmine molecule has been investigated. 26 DFT methods with 6 basis sets were used. Two main comparison chosen DFT methods in this work has been investigated. It is concluded that this contribution is very important and cannot be neglected. In the following analysis, changes in energy levels were investigated by two different methods. Considering a specific basis set, changes in energy levels were obtained using different DFT methods. A specific DFT method is chosen and changes in energy levels have been investigated by means of various basis sets. Effect of the choice of basis sets on geometrical parameters on harmine molecule has also been investigated.
INTRODUCTION
Density functional theory (DFT) is a quantum mechanical modeling method used in physics and all fields of chemistry to investigate the electronic structure (principally the ground state) of many-body systems, in particular atoms, molecules, and the condensed phases.
1 With this theory, the properties of a many-electron system can be determined by using functional, i.e. functions of another function, which in this case are the spatially dependent electron densities. Hence the name density functional theory comes from the use of functional of the electron density. DFT is among the most popular and versatile methods available in condensed-matter physics, computational physics, and computational chemistry. DFT has been very popular for calculations in solid-state physics since the 1970s. However, DFT was not considered accurate enough for calculations in quantum chemistry until the 1990s, when the approximations used in the theory were greatly refined to improve the exchange and correlation interactions modeling. In many cases the results of DFT calculations for solidstate systems agree quite satisfactorily with experimental data. Computational costs are relatively low when compared to traditional methods, such as Hartree-Fock theory and its descendants based on the complex many-electron wave function. Since there are a large variety of DFT methods, choosing appropriate method and basis set are of crucial importance especially when dealing with large biological molecules with hetero-aromatic rings. Previous studies show that select and use of appropriate methods and computational tasks and basis sets are related to the structure under investigation.
12, 23 The aim of this work is the comparison of a series of different DFT methods and basis sets, in order to find a more suitable method and basis set for similar investigation. For this purpose we chose a medium size molecule, harmine ( Fig. 1 ), (7-Methoxy-1-methyl-9H-pyrido [3,4-b] indole) that is comparable with biological monomers such as nucleotides and amino acids.
4
Harmine originally isolated from the seeds of Peganum harmala, is a tricyclic compound belonging to the β-carboline alkaloids. β-carboline such as harmine and harmaline constitute over than 60% of the alkaloids present in the plant seeds.
These alkaloids possess a broad range of pharmacological activities, such as anxiolytic and behavioral effects.
5,6
Some studies demonstrated that harmine possessed significant anti-tumor potential both in vitro and in vivo.
7−9
Anti-bactericidal 10 and anti-inflammation. 11,12 Also harmine has effects on central nervous system, 13,14 bone system 15 and enzyme systems.
16,17

METHOD AND THEORY
Gaussian 03 program was used for all quantum chemical computations performed in this study. 18 Major computations were carried out using different DFT methods in combination with different basis sets. Also a MP2 computations under 6-31+G* and 6-31G* basis sets was carried out for comparison. For all computations the starting geometry of harmine was the same and all computations were carried out in gas phase.
A brief introduction about the different DFT methods is given in the Table 1 . More comprehensive details can be found in. 19−23 According to Table 1 the DFT methods used in this study can be divided into four groups on the basis of their exchange functional. They are hybrid, 24 Beckes 88 exchange functional, 25 the Xa exchange functional, 26 and Slaters exchange functional, 27 based DFT methods. These four groups have a few different DFT methods that are derived from the three correlation functional of Perdew 86 (P86), 28 Perdew-Wang 91(P91), 29 and Lee-Yang-Parr (LYP).
30
They are also combined with Perdew Local (PL), 30 and Vosko-Wilk-Nusair (VWN) 31 correlation functional. Since the purpose of this calculation on harmine molecule is to compare DFT methods with different basis sets, 26 DFT methods that mentioned in Table 1 were chosen along with 6 different basis sets to calculate the exact level of optimized energy. We used different basis sets for all the atoms. A final refinement of the basis set implies the introduction of diffuse functions 32 for heavy atoms which are supplemented with diffuse s-and p-type functions which leads to 6-31+G* and 6-31G** sets. A higher degree of splitting is possible with the 6-311G basis set producing PW91LYP  G96LYP  G96P86  G96VWN  G96PL  MPWLYP  MPWP86   PW91LYP  G96LYP  G96P86  G96VWN  G96PL  MPWLYP 
RESULTS AND DISCUSSION
The purpose of this calculation on harmine molecule is to compare DFT methods with different basis sets. For this purpose, 26 DFT methods mentioned in Table 1 were chosen along in combination with 6 different basis sets to calculate the exact level of optimized energy. The results are shown in Table 3 . According to these results, the minimum energy is related to SLYP followed by SP86, SPL, SVWN5 and XaLYP respectively. On the other hand, the maximum energy is related to BVWN followed by MPWVWN, G96VWN, PW91VWN and G96PL, respectively. Chosen DFT methods listed in Table 2 were investigated in two different manners which yield two sets of results. DFT methods that show linear increase in rate of energy with a specific basis set are G96P86, G96LYP, PW91P86, PW91LYP and MPWLYP, which are illustrated in plot 2. On the other hand, there are DFT methods that was investigated with each basis set one by one. Based on plots 3 to 8 similar results were obtained for each method. In this manner the minimum energy level was related to basis set 6-31G, and the maximum energy level was related with higher degree of splitting such as 6-311G* and 6-311G**. Different behavior of basis set 6-31G* is noticeable in these plots.
Effect of the Basis Sets on Geometrical Parameters
Bond angels: Bond angels of harmine molecule were investigated using 26 DFT methods and basis sets. Proposed angels were 10C−11N−12C and 8C−7N−4C (Fig. 1) . The bond angels show small dependency in the choice of the basis sets for smaller ring. Results for C−N−C bond angels are illustrated in Figures 9-34 (result are presented in supplementary data file). It shows very small discrepancy between all the basis sets. Results obtained for 6-31G*, 6-31G**, 6-311G* and 6-311G** are very similar and the results for 6-31G and 6-311G are exactly equivalent.
Bond length: Bond lengths of harmine molecule are investigated using 26 DFT methods and 6 basis sets. The bond length of 11N−12C, 10C−11N, 7N−4C and 8C−7N for basis sets comparison is proposed (Fig. 1) . Results obtained for all 28 DFT methods are very similar, but the results showed a very different behavior for PW91PL, PW91P86, PW91VWN, PW91LYP, XaPL and XaVWN. The minimal basis sets (6-31G and 6-311G) showed a maximum length of C−N bonds for both rings. Figures 35 to 63 (result are presented in supplementary data file). MP2 Calculation: The optimized energy of harmine molecule was calculated using MP2 method with 6-31G* and 6-31+G* basis sets. Results are shown in Table 2 . Our MP2 results show that there is no significant difference between MP2 and difference DFT energies. In other words; different DFT methods have the same accuracy as MP2 in energy calculations. So that DFT methods are preferred, because of some other advantages such as computation time.
CONCLUSION
Optimum energy level of harmine molecule is compared using 26 DFT methods and 6 basis sets (Table 2) . Results estimate that the minimum energy occurred while using Slater functional (SLYP, SP86 and SPL, Respectively) and the maximum energy occurred while using combination functional (PW91VWN, G96VWN, BVWN and MPWVWN, respectively). Tables 1 and 2 and figures show the different rate of energy level changes for LYP, P86, PL and VWN, with exchange or combination functional. It is concluded that the increase in exchange functional energy level varies with correlation functional and it yields same results for every exchange functional. The maximum energy level was obtained from exchange functional with VWN and PL, P86 correlation functional, respectively. On the other hand, the minimum energy level is obtained with LYP correlation functional. It appears from these results that for compression chosen DFT methods in this work harmine molecule do not sufficient. For more accurate results in investigation of methods with different basis sets, we recommend using bigger bio molecules specially proteins and nucleotides acids.
